Prevalence of heart disease in dogs was very high and required early diagnosis through physical examination, electrocardiogram, and echocardiography. Normal reference values of echocardiography are highly breedspecific and need for comparison and evaluation of dogs suspected with heart disease. Therefore the aim of this study was to establish normal reference echocardiographic values for Indonesian mongrel dogs, specifically to find out intracardiac dimensions, wall thickness, and fractional shortening. Motion-mode and two-dimensional echocardiography from right parasternal short axis and long axis view were performed on nine clinically healthy dogs consisting of five males and four males. The results showed that wall thickness and fractional shortening of Indonesia mongrel dogs were higher compared with those in the other breed that have the same average weight. As opposite, the intracardiac dimensions and lumen dimensions of aorta and left atrial diameter were smaller. These differences might occur due to factors other than the dog's habits and functions such as working and hunting, but can also be caused by the existence of breed differences. There was no significant difference between male and female dogs in terms of intracardiac dimension systole (P = 0.53), diastole (P = 0.38), fractional shortening (P = 0.053), and the ratio of aorta and left atrial diameter (P = 0.06).
INTRODUCTION
In dogs heart disease present with clinical symptoms that vary from an invisible symptom until the very dramatic appereances (Martin et al. 2009 ). Heart disease is potentially lethal to dogs if not treated properly, and requires early diagnosis through history, physical examination, thorax radiographs, and an electrocardiogram (Kraetschmer et al. 2008; Prieto et al. 2009; Crosara et al. 2010; Falk et al. 2010) . In line with the findings of echocardiography techniques in cardiology clinical sciences, veterinarian can observe abnormalities associated with heart disease (Schaer 2008; Gillings et al. 2009; Schober et al. 2010; Wess et al. 2010a) . Two dimensional M-mode echocardiography records the amplitude and the rate of motion of moving objects, such as cardiac muscles and valves, along a single line with great accuracy therefore enables veterinarian to see and measure range of motion (Penninck & d'Anjou 2008) . Pathological changes that can be found such as dilated cardiomyopathy, mitral or tricuspidalic valve regurgitation, ventricular septal defect and persistent ductus arteriosus (Barr 1990; Bonagura & Schober 2009; Tidholm et al. 2009; García-Rodríguez et.al 2009; Wess et al. 2010b) .
Normal reference value of echocardiographic is needed for comparison and evaluation of dogs suspected heart disease (Voros et al. 2009 ). Some references values of echocardiographic for dogs based on breed and body size have been published (Gooding et al. 1986; Cornell et al. 2004; Kayar et al. 2006) . However, these references range obtained from several dogs are highly specific for their breeds and could lead to inaccuracy when applied to the other breed (Kayar et al. 2006) .
The definition of Indonesian mongrel (kampong) dog is a dog that has long been known to exist but not observed of their offspring strain. Dogs of this type are common in Indonesia as a pet, hunter and also laboratory animal for advance research. In correlation with the electrical activity of the heart, research on the electrocardiogram (ECG) of Indonesian mongrel dogs has been done (Ngabdusani 2006; Nurulhuda 2007) . However, echocardiography of Indonesian mongrel (kampong) dog has never been observed. Therefore, the aim of this study was to establish normal reference echocardiographic values for Indonesian mongrel dogs breeds, specificallyto find out intracardiac dimensions, wall thickness, lumen dimensions, and calculating the derivatives. The results of this study can be used as referencesvalue for heart disease diagnostic.
MATERIALS AND METHODS
This research was done at the Division of Surgery and Radiology, Department of Clinic, Reproduction and Pathology, Faculty of Veterinary Medicine and Bogor Agricultural University Veterinary Teaching Hospital. The equipments used are ultrasound devices (Sonoscape SSI-1000), small footprint convex transducer with a frequency of 3.7-5 MHz and ECG equipment (Fukuda ME Cardisuny D300). Animal used in the study was nine healthy Indonesian mongrel dogs. They were four males, five females and within 2-5 years old (average 3.5 + 0.8). Physical and ECG examination were carried out prior to echocardiography examination. Echocardiography examination was performed in right lateral recumbency within right chest area on the medial-ventral of the 3 rd to 6 th intercostae. Two dimensional motion mode (m-mode) echocardiography standard scanning view were performed i.e. short axis view and long axis view. The direction of short axis view was conducted to obtain imaging at the level of left ventricle and base of aorta. Long axis view was conducted to obtain imaging of the mitral valve level (Penninck & d'Anjou 2008) .
Left ventricular internal dimension diastole (LVIDd) was measured at end diastole coinciding with the internal dimension of the largest in the left ventricle chamber, immediately after the onset of the QRS complex on ECG. LVIDs measured at end systole coinciding with the internal dimension of the smallest left ventricle chamber and the by the end of the T wave of ECG. Fractional shortening (FS) values obtained from the calculation formula FS = (LVIDd -LVIDs)/LVIDd. Left ventricular wall at diastole (LVWd) and left ventricular wall at systole (LVWs) parameters measured at the same line with the measurement LVIDd and LVIDs, but carried out on the wall located at the bottom part of the LVwall. Interventricular septal at diastole (IVSd) and interventricularseptal at systole (IVSs) parameters measured at the same line with LVID and LVW, but measured on the wall located at the upper of the LV. Measurement of aortic dimension (AOD) obtained at end diastole and measurement of left atrial dimension (LAD) obtained at the time of maximum dimensions occurs, coinciding with the end of systole. Mitral valve end point to septal separation (EPSS) was performed when the anterior mitralic leaflet (AML) of mitral valve opened, and the space between opened AML and IVS was measured. Correlation of sex differenceson these measurements were analyzed by using t-test. The results of the study also compared with previous echocardiography studies from another breed dogs weighing nearly the same with Indonesian Mongrel dog i.e. English Cocker Spaniel (Gooding et al. 1986 ) and Dachshund (Cornell et al. 2004) .
RESULTS
Preliminary examination which includes physical examination and ECG showed all animals used in this study were healthy dogs (Table 1) . The results of intra cardiac dimension measurements and fractional shortening calculation of Indonesia mongrel dogs were summarized in Table 2 . The average value of LVID during diastole was 27.22 + 3.30 mm, whereas LVIDd in male dogs were higher than female dogs (P = 0.38). Further measurementof the LVIDs showed the average number 16.31 + 2.78 mm. In contrast with LVIDd, in male dogs the value of LVIDs were lower than female dogs (P = 0.53). Fractional shortening (FS) was defined as a difference between end diastolic and end systolic dimensions divided by end diastolic dimension. Overall FS in Indonesian mongrel dog was 0.41 + 0.06 and the value in male dogs werehigher than female dogs (P = 0.053). Myocardium contractility of heart was reflected with the FS value. Therefore myocardium contractility in Indonesian mongrel male dogs were stronger than female dogs.
The heart wall thickness measurements were presented in Table 3 . Both left ventricular and inter ventricular wall thickness during diastole and during systole of male dogs were higher than the female dog. Of the four parameters of heart wall thickness, only left ventricular wall thickness during systole was higher in female dogs (P = 0.71).
Subsequent measurements of lumen dimensions in mongrel dogs i.e. AOD, LAD, and ratio of LAD/AOD were Left ventricle internal dimension at end diastole (LVIDd), left ventricle internal dimension at end-systole (LVIDs), fractional shortening (FS). Different superscript letters in the same column stated the significant difference with confidence interval a-b 95% and a-c 99%. Exact P value between male and female dogs for LVIDd P = 0.38, LVIDs P = 0.53, and FS P = 0.053.
13.22 + 1.32, 15.49 + 1.29, and 1.18 ± 0.10 mm respectively (Table 4) . Aortic dimension in male dogs were higher, in contrast with LAD and ratio of LAD/AOD that were higher in female dogs (P = 0.06). The last parameter measured was the EPSS. The EPSS is a measurement of the perpendicular distance between the most posterior point of the interventricular septum during systole and the end point of the anterior mitral valve leaflet in the same cardiac cycle. Overall EPSS value for mongrel dogs were 3.14 + 0.82 mm (Table 4 ). In the male dogs EPSS value was greater than the female dog (P = 0.003).
DISCUSSION
In healthy Indonesian mongrel dogs, value of LVID were smaller compared with those in Dachshund and English Cocker Spaniel that have the same average weight with Indonesian mongrel dogs (Gooding et al. 1986; Cornell et al. 2004 ). However eventhough they have the same average body weight, dachshund dogs used for hunting, while Home Cocker Spaniel is a working hyperactive and also used for hunting (Sayer 1994) . Thus, these two dogs have higher body activity compared to Indonesian mongrel. According to Vander et al. (1990) , in working and active condition, the body requires much more blood supply to the organ. Meanwhile, the expansion of the left ventricle associated with increased of blood volume that occur secondary along with increasing of skeletal muscle activity (Stepien et al. 1998) . Therefore, LVID in both dogs is greater than the value measured in Indonesian mongrel dog. Left ventricular internal dimensions emerged as the most important echocardiographic predictors of congestive heart failure among several echocardiographic variables evaluated (Vasan et al. 1997; Bonagura & Schober 2009 ).
Fractional shortening of Indonesian mongrel dog was higher when compared with the English Cocker Spaniel (Gooding et al. 1986 ) and Dachshund (Cornell et al. 2004) . Meanwhile, according to Goddard (1995) , the range of FS values in normal dogs without distinction of breed ranges between 0.28-0.50. According to Kayar et al. (2006) , for determining the FS, the number of dog samples should be noted because will affect the precision of the range. Fractional shortening is the most common echocardiography parameter performed to see myocardium contractility and to estimate capability of the left ventricles (Nelson & Couto 1998; Voros et al. 2009 ). Meanwhile, according to Cornell et al. (2004) , FS is widely used as an indicator of left ventricular systolic function, and the value of less than 0.25 is usually associated with heart disease i.e. hypovolemia. Fractional shortening is also an important parameter to distinguish between hypertrophic and dilated cardiomyopathy (Schille & Skrodzi 1999; Borgarelli et al. 2007) .
In Indonesian mongrel dog, the thickness of the heart muscle both LVW and IVS during systole is much higher than diastole. This is be due to systole is the phase where the heart is contracting to pump blood, hence the heart wall thickness greater than that measured during diastole. According to Fox (2004) , at the end of diastole, the left ventricle filled with blood therefore push down the walls of the heart so that when measured the value is smaller than during systole. Both LVW and IVS values during systole and distole in Indonesian mongrel were higher compared with Dachshund. This might occur due to factors other than the dog's habits and functions such as working and hunting, but can also be caused by the existence of breed differences. According to Kayar et al. (2006) , dogs with the same weight but different breeds have the results of different echocardiographic Left ventricle wall at end-diastole (LVWd), left ventricle wall at end-systole (LVWs), interventricular septa at end-diastole (IVSd), interventricular septa at end-systole (IVSs). Different superscript letters in the same column stated the significant difference with confidence interval a-b 95% and a-c 99%. Exact P value between male and female dogs for LVWd P = 0.47, LVWs P = 0.71, IVSd P = 0.27, and IVSs P = 0.04. Aortic root dimension (AOD), left atrial dimension (LAD), left atrial to aortic root ratio (LAD/AOD), mitral valveend point to septal separation (EPSS). Different superscript letters in the same column stated the significant difference with confidence interval a-b 95% and a-c 99%. Exact P value between male and female dogs for AOD P = 0.36, LAD P = 0.54, LAD/AOD P = 0.06, and EPSS P = 0.003. Vol. 18, 2011 Echocardiographic of Indonesian Mongrel Dogs 3 measurements. If the data from different breeds are combined to estimate the size of the heart based on dog weight, the results can be wrong and misleading. Meanwhile, according Penninckand and d'Anjou (2008) , differences in the evaluation of heart structure and function can be caused by body size, species variation, breed variation and individual variation. AOD and LAD of Indonesia mongrel dogs were smaller than the Dachshund dog. This is also related to the activity of Dachshund dogs which is more active so that more blood volume and produced a larger space or dimension (Vander et al. 1990 ). Measurement of aortic dimensions was carried out to see abnormalities of the heart stroke volume, which decreased lumen dimension of the aorta is an indication of a low stroke volume (Goddard 1995; Cunningham 2002) . Whereas the left atrial measurements in dogs are relevant to guide the diagnosis and prognosis of heart disease, but the calculation is problematic due to three-dimensional shape of the left atrium still unclear. According to Nelson and Couto (1998) , it is important to understand that the M-mode image of the left atrium is usually acquired in the area between the left atrium and left auricle, especially in dogs. So that these measurements often do not represent the maximal atrial size. The ratio of left atrial diameter and aortic (LAD / AOD) in Indonesian mongrel dog is 1.18 + 0.10 mm. According to Nelson and Couto (1998) , in all dogs the average value of the ratio LAD/AOD based on M-mode measurements is approximately 1.0 with the maximum value is 1.4 depending on the breed (Penninck & d'Anjou 2008) . The value of ratio LAD/AOD will increase if there is dilatation of the left atrium (Goddard 1995) . At the time of the observation of left atrial dimension, ultrasound beam waves will pass through the left atrial appendage (LAA) or the cranial part of the left atrium in most M-mode echocardiography examination of dogs. Therefore, increasing the ratio of LAD/AOD may also indicate the existence of left ventricular dilatation (Nelson & Couto 1998) .
There is a significant difference of EPSS value between male and female of Indonesian mongrel dogs, which EPSS value in male dogs were greater. It is also proportional to the greater value of LVIDd in male dogs. According to Nyland and Mattoon (2002) , regardless of gender, EPSS value for dogs weighing 10-15 kg is 2 mm. However, all Mmode measurements and calculations derivatives changes according to body weight, body surface area, breed and other variables. The EPSS value is usually measured to see any indication of left ventricular dilatation, when the value is more than 6 mm is very important to note because it indicates a dilatation of the left ventricle (Goddard 1995) . EPSS value will increase in animals with poor myocardium contractility (Nelson & Couto 1998) . EPSS value is calculated and associated with ejection fraction (EF) that is the fraction of end diastolic volume released during the phase of ventricular systole (Cunningham 2002) and measured to assess the efficiency of the heart in pumping blood (King et al. 2002) . EPSS parameters very trustworthy to view the left ventricular function in aortic stenosis, but its usefulness is limited to valve diseases such as chronic mitral and aortic regurgitation (Lehmann et al. 1983) .
The results showed the different characteristics of Indonesian mongrel dogs in terms of intracardiac and lumen dimensions, wall thickness and cardiac contractility when compared with the other breed that have the same average weight. These results in line with previous research that the differences might occur due to factors other than the dog's habits and functions such as working and hunting, but can also be caused by the existence of breed differences. Indonesian mongrel dogs included in the medium sized breeds and workers dog with mild to moderate intensity.
Through this research has defined several characteristics of heart in Indonesian mongrel dogs which is very useful as a normal parameter for the diagnosis of cardiac diseases. In the future, the development of this research is not only specific for canine cardiac characteristics, more importantly can be extend to study the pathogenesis of some cardiac diseases in humans such as the narrowing of blood vessels and valve abnormalities, which is a degenerative disease with high incidence frequency.
